Introduction {#s1}
============

Bacterial meningitis is an important clinical condition, which progresses rapidly and can result in death or significant morbidity if it is not treated as a medical emergency. Prompt diagnosis and early management with antibiotics and supportive treatment is vital to reduce mortality and subsequent complications. The annual incidence of meningitis in the UK is approximately 1200 cases per year^[@SHORTS-10-113C1]^ and 4--6 per 100,000 adults in the US.^[@SHORTS-10-113C2]^ The majority of patients have no predisposing factors for bacterial meningitis and most cases are community acquired. Presentation is usually with headache, neck stiffness, photophobia and fever. In bacterial meningitis, patients can present with a rash and more adverse features such as seizures, confusion and reduced consciousness. The presentation of viral meningitis is similar with a triad of headache, neck stiffness and fever but photophobia is far more common and the illness is often preceded by a flu-like illness. It is a self-limiting condition usually requiring only supportive management.

Although computed tomography (CT) scanning prior to lumbar puncture is not recommended in uncomplicated cases, a number of departments are performing cranial CT in patients without clinical signs of raised intracranial pressure to determine the safety of lumbar puncture. However, CT is a poor indicator of raised intracranial pressure and appropriate clinical assessment is a more useful predictor of an intracranial abnormality. Inappropriate imaging may cause an unacceptable delay in the administration of antibiotics and the treatment of bacterial meningitis, leading to higher rates of mortality and morbidity. All patients with suspected meningitis should undergo lumbar puncture to establish the diagnosis, except those where meningococcal septicaemia is likely. Very few cases where lumbar puncture has led to or hastened cerebral herniation have been reported. Cerebral herniation is a rare complication and the majority of these complications have been reported in children. Nevertheless, it is important to identify patients who are at risk of cerebral herniation where a lumbar puncture would be contraindicated. The clinical features which suggest raised intracranial pressure include reduced consciousness levels, focal neurology or papilloedema. CT scanning should not replace the need for a thorough clinical assessment in these patients as the CT scan may be normal providing false reassurance. In our experience, a large number of CT scans are being performed as a routine screening tool often in uncomplicated meningitis.

Method {#s2}
======

Two groups of patients admitted with meningitis were reviewed over two separate time periods chosen approximately 5 years apart. The first group of patients were admitted between April 2001 and September 2004 and the second group between September 2006 and September 2009. Only consecutive adult patients with a clinical coded diagnosis of meningitis were included. Patients with insufficient clinical information were excluded. Information on the presentation, whether cranial CT or lumbar puncture had been performed and any complications following lumbar puncture were recorded. All CT scans were performed on a multislice Toshiba scanner. Radiological requests, imaging results and microbiological reports were reviewed. In patients undergoing CT, the notes and request cards were reviewed to assess the indication for the CT request and whether the CT request was appropriate. The criteria for assessing the appropriateness of requesting CT imaging were reduced GCS, focal neurological signs, papilloedema, seizures, a history of immunocompromise or neurological disease. Other clinical features which were suggestive of an intracranial bleed, for example, were also considered as an appropriate indication for CT imaging.

Results {#s3}
=======

Group 1 {#s3a}
-------

In the period between April 2001 and September 2004, 111 patients were coded with a diagnosis of meningitis (69 women, 42 men). The mean age was 35 years (range 16--82). Three patients were excluded due to a lack of clinical information. Of the remaining 108 patients, there were 59 cases of viral meningitis, 30 with bacterial meningitis, five with unspecified meningitis, two with fungal meningitis and 14 with a diagnosis other than meningitis (Table [1](#SHORTS-10-113TB1){ref-type="table"}). The commonest presenting complaints were headache (84 patients), neck stiffness (74 patients), nausea and vomiting (61 patients), fever (60 patients) and photophobia (63 patients) (Figure [1](#SHORTS-10-113F1){ref-type="fig"}). Nineteen patients had reduced Glasgow Coma Score (GCS) due to confusion and 14 had focal neurological signs; 17 patients in this group had predisposing factors for meningitis (Table [2](#SHORTS-10-113TB2){ref-type="table"}).

![Clinical features at presentation in both groups](SHORTS-10-11301){#SHORTS-10-113F1}

###### 

Type of meningitis

                           Group 1 (%)   Group 2 (%)
  ------------------------ ------------- -------------
  Viral                    59 (53)       36 (80)
  Bacterial meningitis     30 (28)       4 (9)
  Unspecified meningitis   5 (5)         2 (4)
  Fungal meningitis        2 (2)          0
  Other diagnosis          14 (13)       3 (6)

###### 

Predisposing factors for meningitis

  Predisposing factor           Group 1   Group 2
  ----------------------------- --------- ---------
  Immunocompromised             6         2
  Sinusitis or otitis media     4         4
  Neurological or ENT surgery   2         1
  Diabetes                      2         0
  Cerebrospinal fluid leak      1         0
  Trauma                        1         0
  Splenectomy                   1         0
  Pregnancy                     0         1

In this group, 67 patients underwent CT (61%). There were eight abnormal scans (12%). The abnormal scan results included three scans with cerebral oedema (Figure [2](#SHORTS-10-113F2){ref-type="fig"}), one with meningeal enhancement, one with subcortical infarcts, one with tonsillar descent, a small subdural and a possible subarachnoid haemorrhage. On review of the scans, meningeal enhancement is compatible with meningitis and the reported finding of tonsillar descent is a normal variant and should not be considered a contraindication for lumbar puncture. In the case of the subdural haematoma, there was no midline shift to indicate raised intracranial pressure. Therefore there were three scans with evidence of mass effect, namely cerebral oedema (4%) which presented a contraindication for lumbar puncture (Table [3](#SHORTS-10-113TB3){ref-type="table"}). Of these, two patients did not have a lumbar puncture as a result of the CT findings. One patient had a lumbar puncture, resulting in no complication. Most of the patients with abnormal scans and all of the patients with radiological findings of cerebral oedema had clinical features of reduced consciousness or focal neurology suggesting raised intracranial pressure.

![Cerebral oedema with sulcal effacement in a clinically obtunded patient with bacterial meningitis](SHORTS-10-11302){#SHORTS-10-113F2}

###### 

Characteristics relating to group 1 (Apr 2001--Sep 2004) and group 2 (Sep 2006--Sep 2009)

                        Mean age (range)   Gender             Recurrent meningitis   Predisposing factors   CT scans, n (%)       Abnormal CT scans, n (%)   Scans presenting a CI for LP (%)
  --------------------- ------------------ ------------------ ---------------------- ---------------------- --------------------- -------------------------- ----------------------------------
  Group 1 (*n* = 108)   35 (16--82)        66 women; 42 men   7                      17                     67 (61)               8 (12)                     3 (4)
  Group 2 (*n* = 45)    37 (17--87)        25 women; 20 men   4                      9                      36 (80) (*P* = 0.7)   5 (14) (*P* = 0.3)         1 (3) (*P* = 0.7)

*P* values calculated using the chi-squared test

No indication for CT was found on the request card in nine patients (Table [4](#SHORTS-10-113TB4){ref-type="table"}). Of those where an indication was stated, this was usually to exclude a subarachnoid haemorrhage (22 patients). Other indications for CT included confusion, safety of lumbar puncture, focal neurology, papilloedema and a history of neurological disease, trauma, surgery or immunosuppression. Safety of lumbar puncture was considered an inappropriate request for cranial CT in the absence of any other clinical information. CT requesting was considered inappropriate in 18 out of 67 (26%) patients undergoing CT.

###### 

Indication for CT according to request card

                                                                         Group 1   Group 2
  ---------------------------------------------------------------------- --------- ---------
  Indication unknown                                                     9         3
  Exclusion of subarachnoid haemorrhage                                  22        11
  Altered mentation, focal neurology or papilloedema                     9         4
  Safety of lumbar puncture                                              12        16
  Intracranial abscess or space-occupying lesion                         6         0
  Other (history of neurological disease, trauma or immunosuppression)   7         1

Group 2 {#s3b}
-------

In the period between September 2006 and September 2009, 47 patients were coded with a diagnosis of meningitis (25 women, 22 men). The mean age was 37 years (range 17--87). Two patients were excluded, due to a lack of clinical information. Of the remaining 45 patients, 36 patients had viral meningitis, four had bacterial meningitis, two had unspecified meningitis and three patients had another diagnosis (Table [1](#SHORTS-10-113TB1){ref-type="table"}). The presenting complaints were headache (40 patients), neck stiffness (15 patients), fever (26 patients) and photophobia (21 patients). Eight patients had reduced GCS due to confusion and five patients had focal neurology. No papilloedema was reported, although fundoscopy was only documented in 10 patients. Nine patients had conditions predisposing towards meningitis (Table [2](#SHORTS-10-113TB2){ref-type="table"}). In this group, 36 patients underwent cranial CT (80%). There were 31 normal and five abnormal scans (14%). Of the abnormal scans, the major finding was opacified sinuses (Figure [3](#SHORTS-10-113F3){ref-type="fig"}), temporal lobe changes which later developed into an abscess (Figure [4](#SHORTS-10-113F4){ref-type="fig"}), previous infarcts and a small vault meningioma. The patient with a small vault meningioma was reported to have mild ventricular dilatation, therefore a possible contraindication for lumbar puncture. Ventricular dilatation may result from central atrophy or from normal pressure hydrocephalus and does not necessarily reflect increased cerebrospinal fluid (CSF) pressure. A lumbar puncture was still performed in this case, resulting in no neurological sequelae. Review of the request cards showed that safety of lumbar puncture was the main indication (15 patients), followed by exclusion of subarachnoid haemorrhage, focal neurology and immunosuppression or the exclusion of encephalitis (Table [4](#SHORTS-10-113TB4){ref-type="table"}). In 20 of the 36 (56%) patients undergoing CT, the request for CT was considered inappropriate in relation to the local criteria for CT.

![Opacification of the left mastoid air cells in keeping with sinus disease on bony windows in a patient with pneumococcal meningitis](SHORTS-10-11303){#SHORTS-10-113F3}

![Post-contrast axial CT head, showing an area of low attenuation change in the left temporal lobe, which later developed into an abscess](SHORTS-10-11304){#SHORTS-10-113F4}

Discussion {#s4}
==========

There are an increasing number of scans being performed for patients with meningitis in our department from 2001 to 2009 (61% increasing to 80%). This is likely to be related to the increasing demand for all forms of imaging throughout radiology departments. The trend for performing cranial imaging prior to lumbar puncture is increasing,^[@SHORTS-10-113C3]--[@SHORTS-10-113C5]^ perhaps reflecting the wider availability of CT and the prompt out-of-hours service provision. A study of emergency department CT requesting by Hasbun *et al.* showed that 78% of patients with meningitis were undergoing cranial CT.^[@SHORTS-10-113C3]^ Other studies are outlined in Table [5](#SHORTS-10-113TB5){ref-type="table"}; a study by Gopal and Durand found figures of 66--87% of patients with meningitis were undergoing CT.^[@SHORTS-10-113C5],[@SHORTS-10-113C6]^ There is evidence to show that CT may not significantly influence the clinical decision making and that CT findings fail to reveal any significant abnormality that was not suspected on clinical examination.^[@SHORTS-10-113C5]^ The need for imaging has to be balanced against the resources of the imaging department. We found the vast majority of scans being performed in patients with meningitis are normal (88% and 86%) and abnormal scans presenting a contraindication for lumbar puncture are few (4% and 2%). Radiation doses must be justified according to radiation guidelines and local criteria when deciding whether an examination is appropriate and whether it will influence the patients\' management.

###### 

Comparative table of literature on cranial CT in meningitis

  Study                        Type of study   Year of publication   Mean age (range)         Patient records reviewed (n)   CT scans, n (%)   Abnormal CT scans making LP a contraindication, n (%)
  ---------------------------- --------------- --------------------- ------------------------ ------------------------------ ----------------- -------------------------------------------------------
  Rennick                      Retrospective   1993                  2 (4 months--15 years)   445                            127 (29)          --
  Durand                       Retrospective   1993                  Adult                    122                            87 (71)           20 (27%)
  Gopal, Whitehouse *et al.*   Prospective     1999                  42                       113                            111               2.7%
  Hasbun, Abrahams *et al.*    Prospective     2001                  40 (18--93)              301                            235 (78)          11 (5%)
  Chadwick and Lever           Retrospective   2002                  15--30                   116                            \(66\)            --
  Proulx, Frechette *et al.*   Retrospective   2005                  54 (19--86)              119                            48 (40)           --

In our review, the main limitation was the small numbers of patients in the second group. This is despite using a similar methodology and the same method of identification of patients between the two time periods. The number of cases of meningitis dramatically decreased over the two groups reviewed. This may relate to a genuine reduction in the number of cases of meningitis presenting to the trust or to an error in coding cases by the medical team or a change in the coding system. Nevertheless, there is an increasing trend for imaging in this condition although it is difficult to draw any firm conclusions as to the reasons for this with such small numbers.

It appears that there are more CT scans being requested for the safety of lumbar puncture. There is a general lack of information on the request card relating to the clinical presentation and on review of the notes. A reason for requesting the CT was not always stated in the notes. The limited clinical information may yield an unexpected result. Excessive imaging reflects the lack of knowledge of the limitations of CT in assessing intracranial pressure. The safety of lumbar puncture should be a clinical decision rather than a radiological one and local policy should be to reject any requests without enough clinical information. These issues can be addressed by education of juniors or placing the care of these patients under specialist infectious diseases teams.

Clinical predictors such as altered mentation, papilloedema or focal neurology and the overall clinical impression are more useful indicators of raised intracranial pressure than cranial CT.^[@SHORTS-10-113C7]^ Papilloedema is a difficult sign to detect in patients with photophobia and the exclusion of raised intracranial pressure may be an indication for requesting a CT if the clinician has not been able to exclude papilloedema. A study by Gopal found a low number of CT scans presenting a contraindication for lumbar puncture and concluded that routine screening in patients with meningitis gives limited additional information.^[@SHORTS-10-113C7]^ In a study by Chadwick, 55% of scans were deemed inappropriate and only 45% of patients met the criteria for CT scanning but exclusion of a subarachnoid haemorrhage was thought to be warranted due to the symptoms suggestive of an intracranial bleed.^[@SHORTS-10-113C8]^ In an American study, there was a perceived need by clinicians for imaging in meningitis due to a routine standard of care or the fear of litigation.^[@SHORTS-10-113C3]^ Litigation may be an increasing indication in the UK to exclude pathology rather than as a justification for CT on the basis of clinical need.

Meningitis can be a difficult condition to diagnose as many conditions mimic the clinical features and patients may not present with the typical triad of headache, neck stiffness and photophobia. The condition should be considered in those patients that are immunocompromised or without an obvious diagnosis. Atypical features are seen in up to 37--66% of cases.^[@SHORTS-10-113C2],[@SHORTS-10-113C9]^ Patients that are particularly susceptible to meningitis and have higher rates of morbidity and mortality are those at the extremes of age, reaching up to 25% in bacterial meningitis.^[@SHORTS-10-113C6]^ Delays in diagnosis are associated with a poor clinical outcome.^[@SHORTS-10-113C6],[@SHORTS-10-113C10]^ The commonest pathogens are *Streptococcus pneumoniae*, *Neisseria meningitides* and *Haemophilus Influenzae* type B^2^ causing 72% of cases and 70% of deaths.^[@SHORTS-10-113C11]^ Other causes of bacterial meningitis are gram negative organisms such as *Escherichia Coli* and *Klebsiella* species, which have increased over the last four decades due to a rising number of neurological and oncological procedures.^[@SHORTS-10-113C12]^ In immunosuppressed patients, listeria monocytogenes and fungal infections should be considered.

Viral meningitis is most often caused by enteroviridae such as Coxsackie B and echovirus. Other causes include mumps, varicella zoster, herpes simplex virus and cytomegalovirus. Viral meningitis is a self-limiting condition which usually has a good clinical outcome and a limited hospital stay. The main differential diagnosis of meningitis is subarachnoid haemorrhage. This can present with similar symptoms to meningitis although without a history of fever (53 of 108 patients in group 1). It is also important to consider other conditions which mimic meningitis such as subdural empyema, cerebral abscess, herpes simplex and toxoplasma encephalitis. In the majority of cases, a CSF sample should be obtained for confirmation of the diagnosis and for microbiological analysis. This is especially important as early treatment is vital and it is preferable to treat the causative organism with the appropriate antibiotic cover.

In bacterial meningitis, pathogens reach the subarachnoid space via the haematogenous route causing a host inflammatory response leading to inflammation of cortical vessels with swelling and proliferation of endothelial cells in arterioles and veins.^[@SHORTS-10-113C13]^ This leads to raised CSF pressure due to cerebral oedema and further inflammatory occlusion of the arachnoid villi or ventricular foramina, resulting in the obstruction of CSF outflow.^[@SHORTS-10-113C14]--[@SHORTS-10-113C16]^ A lumbar puncture is contraindicated in the presence of brain shift as shifts occur with or without raised intracranial pressure.^[@SHORTS-10-113C17]^ Other causes of raised intracranial pressure are from space-occupying lesions such as haematoma, tumours or abscesses and these causes can be excluded by imaging. The complications of meningitis found on imaging are hydrocephalus, subdural empyema, ventriculitis, venous thrombosis or infarction. Additional findings include evidence of trauma, sinus infection (Figures [2](#SHORTS-10-113F2){ref-type="fig"} and [3](#SHORTS-10-113F3){ref-type="fig"}) or congenital abnormalities. A lumbar puncture could increase the brain shifts already present due to a space-occupying lesion. The original studies highlighting the dangers of lumbar puncture were first reported in children^[@SHORTS-10-113C14],[@SHORTS-10-113C18],[@SHORTS-10-113C19]^ but cases of herniation have also been reported in children and adults that have not had lumbar puncture.^[@SHORTS-10-113C15],[@SHORTS-10-113C20]^ The percentage of adult patients with bacterial meningitis herniating after lumbar puncture is 2--5%.^[@SHORTS-10-113C6],[@SHORTS-10-113C21]^ Herniation occurred within the first 12 hours^[@SHORTS-10-113C10]^ or between 30 minutes and two hours^[@SHORTS-10-113C22],[@SHORTS-10-113C23]^ following lumbar puncture.

Clinicians have become increasingly reliant on CT to detect patients where lumbar puncture should be avoided and many authors have advocated that all patients should undergo CT prior to LP.^[@SHORTS-10-113C24]--[@SHORTS-10-113C26]^ Although, CT can detect anatomical shifts as a result of space-occupying lesions, CSF pressure can be normal in patients with space-occupying lesions^[@SHORTS-10-113C27]^ and in those who are actively herniating, demonstrating the relationship between CSF pressure and CT is indirect.^[@SHORTS-10-113C17]^ The late imaging signs of raised intracranial pressure on CT are delayed presenting late after the clinical signs. The imaging signs include brain shift and lateral shift of midline structures, obliteration or dilatation of the ventricles and effacement of CSF spaces (sulci, sylvian fissures, basal cisterns). The early signs are loss of grey-white matter differentiation. On autopsy, the findings include necrosis of the cerebellar tonsils, mesencephalic necrosis and brainstem haemorrhage.

In a series of 445 children by Rennick, 4.3% of patients had clinical signs of herniation.^[@SHORTS-10-113C15]^ CT was performed at the time of herniation in 14 patients and five (36%) of the scans were normal despite the clinical picture. In another study, approximately 50% of patients with clinical features suggestive of raised intracranial pressure had a normal CT scan.^[@SHORTS-10-113C6]^ The explanation for CT failing to demonstrate severely raised intracranial pressure are alterations in intracranial compliance or meningeal hardening, particularly in chronic or recurrent meningitis where there may be the simultaneous occurrence of decreased CSF absorption and significant cerebral oedema.^[@SHORTS-10-113C19]^ CT has been recommended in patients with new-onset seizures, the immunocompromised, aged above 60 years, signs of a space-occupying lesion or moderate to severe impairment of consciousness and a history of neurological disease.^[@SHORTS-10-113C1],[@SHORTS-10-113C3],[@SHORTS-10-113C17]^

There is evidence to show that performing a CT prior to lumbar puncture may delay the institution of antibiotics with the time delay ranging from 2 to 4.9 hours.^[@SHORTS-10-113C10],[@SHORTS-10-113C28]--[@SHORTS-10-113C30]^ A longer delay of 6 hours was found in a study by Proulx but this delay included an interhospital transfer. The effect of a delay in treatment is incremental with longer delays resulting in higher case fatality rates.^[@SHORTS-10-113C3]^ Some studies have reported low levels of antibiotic administration prior to CT^[@SHORTS-10-113C31],[@SHORTS-10-113C32]^ but since many departments are now treating empirically with antibiotics prior to imaging, this is not such a concern. CT scans are usually requested by junior staff but in our experience, management decisions after discussion with seniors often does not change the practice of scanning prior to lumbar puncture. However, the involvement of specialist infectious diseases teams at an early stage may alter the decision for imaging. The education of junior doctors is needed to ensure that CT scanning is not performed routinely to screen for intracranial abnormalities in patients with suspected meningitis. A thorough clinical assessment prior to imaging is important as the imaging findings may not be supportive of raised intracranial pressure and may provide false reassurance for clinicians. The fear of litigation should be balanced against the risks associated with unwarranted radiation in patients that are often young. A more focused approach is recommended so that patients do not undergo unnecessary CT scans which could potentially delay diagnosis or treatment.

Conclusion {#s5}
==========

Increasing numbers of patients with meningitis are undergoing cranial CT putting pressure on imaging departments. A large proportion of scans are normal with very few scans presenting a contraindication for lumbar puncture. Patients with abnormal CT scans often have clinical features to suggest intracranial pathology. Criteria for CT scanning in this group of patients should be agreed locally with clinicians and imaging should be requested according to clinical need rather than as a screening tool.
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